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SPIN AND RECOVERY CHARACTERISTICS  OF 

FIGHTER TYPE OF AIRPLANE WITHOUT A 

A MODEL OF A 

HORIZONTAL 

TAIL AND HA= EITHER A Sl3GL;E l" ICAL 

TAIL OR TWIN VERTICAL TAILS 

By Lawrence J. Gale and Norman E. Pumphrey 

An investigation  has been  conducted i n  the Langley X)-foot f ree-  
spinning tunnel on a model of a fighter type  of  airplane  without a 
hor i zon ta l   t a i l  and having e i ther  a s ingle   ver t ica l  tail on the fwe- 
lage  or t w i n  v e r t i c a l   t a i l s . o n  sweptback wings. 

The investigation  indicated  similar  spin and recovery  character- 
istics fo r   e i t he r  t a i l  configuration  tested  at  & g h e n  m s s  distribution. 
For a mass distribution  chiefly  along  the w i n g s ,  the   ver t ica l  tail 
surfaces were not  adequate f o r  recovery from the  spin. When the mass 
was distributed  chiefly  along the fuselage, however, e i ther   ver t ical-  
t a i l  configuration, when in  a rearward  position, was effect ive in satis- 
factorily  terminating  the  sph. 

INTRODUCTION 

Because-of interest   recently shown by aircraft .designers in the 
re la t ive  merits of single- and twin-vertical-tail  configurations on 
fighter  types of airplanes  having no horizontal tail,  an investigation 
has been  conducted i n  the Langley 20-foot  free-spinning  tunnel t o  
compare the  spin and recovery  characteristics of several  configuration8 
of a swept-wing  model  of such an airplane. The investigation  included 
tests of the model with  either a single ver t ica l  t a i l  mounted on the 
rear of the  fuselage  or  with  twin  vertical tai ls  mounted on the -8. 
The investigation  also  included tests of the model when loaded e i ther  
chiefly  along  the wfngs or   chief ly  along the  fuselage. 
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SYMBOLS 

wing span, f ee t  

wing area,  square f e e t  

mass of airplane, slugs 

m o m e n t s  of i ne r t i a  about X, Y, and Z body a x e B ,  
respectively,  slug-feet  square 

ine r t i a  yam-llmoment parameter 

iner t ia  rolling-moment parameter 

i ne r t i a  pitching-mament parameter 

air density, slugs per cubic  foot 

airplane  relative  deneity - 
angle between fuselage  reference  line and ver t ica l  

(approx.  equal t o  absolute  value of angle of attack 
a t  plane of symmetry), degrees 

angle between span axis and horizontal,  degrees 

fu l l - sca le   t rue   ra te  of descent, feet per second 

full-scale  angular  velocity about spin  axis, revolutions 
per second 

APPARATUS AND m 0 D s  

Model 

A model of a swept--xing fighter  airplane having no horizontal tail,  
used for  the  current  investigation, ~ a 8  so constructed  that it could be 
tesked with e i ther  a single ver t ica l  t a i l  mounted on the ,rear of the . . 

fuelage o r  twin ver t ica l  tails mounted on the wings. The twin ver t ica l  
tal le mounted on the w i n g s  were located a t  .the inboard end of the wing 
control  surfaces  (approximately 44 percent  out on the wing semispan). 
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The area of each of the twin ver t i ca l  tails was equal t o  the  area of the 
s ingle   ver t ical  tai l  but  the t a i l  length for the twin tails was approxi- 
mately  one-half  the tail length df the single tail. Thus the tai l  
volume (area of surface tfmes tail  length) , a convenient method for com- 
paring tails, in normal flight, WE approximately  equal for each tai l  
configuration. 

Three-view  drawings of the model wi th   the   s ing le   ver t ica l   t a i l  
mounted on the rear of the  fuselage and tVFn ver t i ca l  tails located on 
the w i n g s  are presented in figure 1. A photograph of the model with the 
s ingle   ver t ical   ta i l .m-unted on the  fuselage is  presented in figure 2. 
For some of the tests, the tail volume was increased by approximately 
me-third by  moving t h e   t a i h  rearward as shown i n  figure 3. Table I 
presents  the  full-scale  dimensional  characteristics of a corresponding 
airplane if the  ecale of the model is assumed to be 1/M. 

Lateral and longitudinal  controls were conbined i n  one pair of 
control  surfaces  called  elevons.  Longitudinal  control was obtained by 
deflection of the elevons in  the same direction md lateral contro-l w a ~  
obtained by deylection of the  elevons  differentially.  Hereafter, in  
this paper,  elevon  deflections  for  longitudinal and lateral control will 
be referred to, for ebuplicity, &s elevator and aileron  deflections, 
respectively. 

The  model was ballasted by the   ins ta l la t ion  of lead w e i g h t s  t o  
obtain dynamic s imilar i ty  t o  a correspondlng  airplane spinning at an 
a l t i tude  of  15,OOO feet ( p  = 0.001496). A remote-control mechanism was 
instal led in the model t o  actuate  the  rudder  control f o r  epin-recovery 
attempts.  Sufficient moment w&8 exerted on the  rudaer  control t o  move 
the  surfaces fully and rapidly to  the desired position. 

Wind Tunnel and Testing Technique 

The t e s t s  were performed in the Langley 20-foot  free-spinning 
tunnel,  the  0peratic.n of which is generally  efmilar to  that  described 
in reference 1 for   the  Langley 15-foot free-epinning  tunnel. The models, 
however, are now launched by hand mTth spinnwg  rotation  into  the  verti-  
cal ly  rising air stream  rather  than  being launched from a splndle. The 
airspeed is  adjusted unt i l   the  drag of the  model balances the weight 
and, a f t e r  a number of turns in  the  established spin, recovery is  
attempted by moving one o r  more controls by means of the  remote-coctrol 
mechanism. After recovery,  the model dives into a safety  net. A photo- 
graph of a model spinning in the t es t   sec t ion  of the tunnel is s h m  in  
figure 4. 

The spin data presented herein were obtained and converted to cor- 
responding full-scale  values as described in reference 1. The turns 
f o r  recovery were measured from the time the  controls were mved t o  the 



4 

time  the  spin  rotation  ceased. For recovery  attempts in which  the  model 
struck  the.  safety  net  while  it was s t i l l  in a spin, the  recovery was 
recorded as greater than the  number of turns From the  time  the  controls 
were  moved t o -  the  time  the  model  struck  the  net 88, for  example, > 3. 
A greater-than-3-turn  recovery  does  not  necessarily  indiC8te an inrprove- 
ment-  over-a  greater-than-8-turn recoveq.  For recovery  attempts Fn which 
the  model  did  not  recover in fewer  than 10 turns,  the  recovery XBB 
recorded as W. When  the  model,  after  being  launched  with  forced  rotation 
into a epin,  ceased  rotation  without  movement of controls,  the  result was 
recorded as a "No spin" condition. 

In accordance  with  standard me-spinning-tunnel test  procedure, 
tests  were  made to determine  the  spin  and  recovery  characterietics of' 
the  model  at  the normal spinning  control  configuration  (elevators full 

aileron-elevator  control  combinations  including  zero  and maximum settings 
of the  surfaces  for v a r i o u  model  configurations.  Recovery was generally 
attempted  by  rapid full rudder  reversal. As is customary,  tests  were 8160 
performed  to  evaluate  the  possible  adverse  effects on recovery of-small 
deviations f r o m  the normal spinging control  configuration. For these. 
tests,  the  ailerons  were  set  at  one-third of the full deflection in the 
direction of slower  recoveries  and  the  elevators  were  set  at fu l l  up or 
two-thirds  of-their full up  defleciXLon  whichever would came slower  recov- 
eries.  Recovery XBB attempted by rapidly  revereing  the  rudder  from full 
with  to only two-thirds  against  the  spin or by  simultaneous  rapid  rudder 
reversal f r o m  full  with  the spin to two-thirds  against  the spin and move- 
ment of the  elevators d m ,  the  latter  method-being ueed particularly 
when  the  model  loading was chiefly along the  xlngs, a loading for which 
elevators are often  effective in terminating  the spin (reference 2). 
This particular  control  cpf'iguration  and  manipulation is referred  to as 
the  "criterion  condition.  Recovery  Characteristic6 of the  model  are 
considered  satisfactory  if  recovery  from  this  condition  requires 2- turne 

or less.  This  value  has  been  selected on the basis of  full-scale  airplane 
epin-recovery  data  that  are  available f o r  compariaon  with  corresponding 
model  test  results. 

UP 9 ailerons  neutral, and rudder fu l l  with  the  spin) and at variow other 

# 
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PrnISION 

The  data  obtained f r o m  the  model  teets  are  believed to be  accurate 
within  the following limits: 

a, degrees Kl . . . . . . . . . . . . . . . . . . . . . . . . . . .  
$if, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . .  *1 
V, percent . . . . . . . . . . . . . . . . . . . . . . . . . . .  k.5 
0, percent . . . . . . . . . . . . . . . . . . . . . . . . . . .  +2 

4 
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T ~ S  for  recovery  (from  motion-pfcture  recordrr) . . . . . . . . .  *L- 
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Comparison between spin-recovery  results of airplanes and correL 
sponding models (reference 3) indicates  that   spin-tunnel  results  are 
i n  agreement with  full-scale  spin-recovery  results about 90 percent of 
the time and that ,  even in the  other 10 percent of the time, some indi- 
cation of ful l -scale  spin and recovery  characteristics can  be obtained. 

The l imits  of accuracy of the measurements of the mass character- 
ist ics  are  believed t o  be: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . . .  +I 
Moments of inertia,   percent . . . . . . . . . . . . . . . . . . . .  t 5  

The controls were set   with an accuracy of So. 

Because of small inadvertent changes during  testing,  the measured 
weight and mass dist r ibut ion of the mdel may have varied by as. much as  
the following mounts :  

Weight, percent . . . . . . . . . . . . . . . . . .  I low t o  2 high 
Moments of iner t ia :  
Ix, percent . . . . . . . . . . . . . . . . . . .  5 low t o  12 high 

Iz, percent . . . . . . . . . . . . . . . . . . . . . .  . 5 l o w  t o  6 high 
Iy, percent . . . . . . . . . . . . . . . . . . .  5 low t o  10 high 

TEST CONDITIONS 

Table U: presents  the  full-scale mass character is t ics  and ine r t i a  
parameters of a corresponding  airplane. The ine r t i a  parameters are  
plot ted  in  figure 5 which can be used as an aid in  predicting  the  effects 
of controls on spin and recovery characterist ics as discussed i n  
reference 2. 

The normal control  deflections used f o r  the  current  tests were: 

Rudder, degrees . . . . .  -. . .  : . . . . . . . . . .  30 r ight ,  30 l e f t  
Elevons,  degrees: 
As elevators . . . . . . . . . . . . . . . . . . . .  20 up, 10 down 
As ailerons . . . . . . . . . . . . . . . . . . .  15 up, 15 down 

A few t e s t s  were also conducted with  the  elevators  set a t  250 u$. 
Intermediate  control  deflections used were: 

Rudders, two-thirds  deflected,  degrees . . . . . . . . . . . . . . .  20 
Elevons , degrees : 

Deflected  as  ailerons,  one-third . . . . . . . . . . .  5 up, 5 do- 
Deflected as elevators, two-third6 'up ,. . . . . . . . . . . . . .  13; 
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The differential   deflections of the elevons result ing from lateral 
s t ick  displacements are added algebraically  to the elevon  deflection 
result ing from longitudinal  stick  displacements. A l l  t e s t s  were per- 
formed with the model in  the  clean  condition  (cockpit  closed,  flaps 
neutral, and landing  gear  retracted) and In an erect attitude. 

REsuLccs AND DISCUGSION 

The results of the investigation are presented  in chart8 1 t o  4. 
R i g h t  and le f t  spin  results  are similar and the results are  arbitrarily 
presented in terms of r igh t  spins. . .  

When the loading was chiefly along the w i n g s  (chart 1) the model 
generally would not  spin for either t a i l  configuration when the ailerons 
were neutral   or  against   the sp.in ( s t ick  l e f t  in a right  spin)  regazdless 
of  elevator setting. When the elevators were f u l l  down and ailerons 
fu l l  against, a spin from which recovery was slow wa8 indicated as 
possible; this spin was probably attr ibutable  to  the  large downward 
set t ing of the.inboard  elevon. Neither t a i l  configuration was adequate 
in  terminating the spin  sat isfactor i ly  at the "criterion  condftion" by 
rudder movement alone,  although movement of the elevators   to   neutral   or  
down was indicated  to be effective. If ailerons were allowed t o  remain 
f u l l  with the spin,  satisfactory  recovery WBB not  possible. 

. . . . . . . 

? 

When the loading was chiefly along the fueelage  (chart 2) , the 
aileron  effect  was reversed and ai-lerons  against the spin led to poor 
recove-ry characterist ics whereas ailerons full with  the  spin  led t o  
rapid  recoveries  for-either  tai l   configuration. The results  indicated 
tha t  neither t a i l  configuration would satisfactorily  terminate the spin 
from the  "criterion  condition." A f e w  br ief  tests made with the elevons 
set to simulate an increased  elevatm-up  setti-  indicated a favorable 
effect  . . ." - 

In an a t t e ~ p t  t o  increase the effectiveness of the ver t ica l  tails 
in  a spinning  attitude  both the single and twin taila were moved longi- 
tudinally  rearward by increasing the t a i l  lengths by 8pproximately one- 
third.  A s  indicated in  chart 3,  there appeared t o  be little ef fec t  o f .  
t h i s  change f o r   e i t h e r   t a i l  when the mass was distributed  chiefly along 
the wings. When, however, the nass wa8 distributed  chiefly along the 
fuselage  (chart 4) satisfactory recovery characterist ic8 were obtained 
for both tail configurations. T h i s  result is in  general  qualitatfve 
agreement w i t h  the cr i ter ion for vertical-tail   design requirements fo r  
airplanes having horizontal  taila  (reference 4 ) .  
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Based on an investigation of a model  of a swept-wing fighter  type 
of airplane  with no ho r i zon ta l   t a i l  and having e i ther  a s lngle   ver t ica l  
t a i l  on the  fuselage o r  twin ver t i ca l  tails on the w i n g s ,  it may be 
stated  that:  

, 1. For loadings i n  which the mass was distributed  chiefly along 
the wings, neither  design w a ~  adequately  effective i n  sa t i s fac tor i ly  
terminat-  the  spins by rudder movement alone, and sat isfactory 
recovery from the spin wag contingent upon use of elevator o r  ailerons. 

2. For loadings chiefly along the  fuaelage, both t a i l  designs  led 
to satisfactory spin recoveries if t h e   v e r t i c a l - t a i l s  were located a t  
a rearward  position. 

Langley Aeronautical Laboratory 
National Advisory Camittee for Aeronautfcs 

Langley Air Force Base, Va. 

. 
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. 

Fuselage  length, f t  . . . . . . . . . . . . . . . . . . . . . . 20.45 

W i n g :  
span, f t  . . . . . . . , . . . . . . . . . . . . . . . . . . 26.83 
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . 200.00 
Incidence (root and t i p ) ,  deg . . . . . . . . . . . . . . . . 0 
Aepect r a t i o  . . . . .. . . . . . . . . . . . . . . . . . . . . 3.60 
Sweepback ( a t  quarter-chord m e ) ,  deg . . . . . . . . . . . 38.1 
Dihedral . . . . . . . . . . . -. . . . . . . . . . . . . . . 0 

Elevons : 
span,  percent of +g semispan . . . . . . . . . . . . . . . . 43.4 

Vertical  tail ( s i n g l e )  volume, f t 3  (area of sureace t d e s  tail length) : 
For t a i l  in original  posit ion , . . . . . . . . . . . . . . rn 
For t a i l  moved rearward . . . . . . . . . . . . . . . . . . . 24-4 

Vertical  t a i l  (twb) volume, f t 3  ( area of surface times t a i l  length) : 
For tails Fa or ig ina l  posftion . . . . . . . . . . . . . :. , 192 
For t a i l s  mved rearward . . . . .. . . . . . . . , . . . . . . 259 

v 
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(a) Sfngle-tail canffguration. 

Figure 1.- M o d e l  teeted in Langley =-foot free-spinning tunnel. 



16 

I 

I 

(b) Twin-tail configuration. 

Figure 1. - Concluded. 



Figure 2.- Model wtth a single vertical  tail installed on the f’uselhge. 
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"- Orig/nu/ f oi/ position 
Rcurwaraf pos/'f/On 

(b) Twin-tail configuration. 

Figure 3.- Model wfth single and twh ver t i ca l  tails ins ta l led  in 
both the forward and reazward positions. 
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Figure 4.- Model spinning in the Langley 20-foot free-spinning tunnel. 





'Y0,*Z  Relative mass distribution 3t 
v 

mb2 increased along the wings 

Figure 5.- I n e r t i a  parameters for  loadings tested on the model 
(points are  f o r  loadings listed in table II}. 


